A b s t r a c t
Despite the advantages of providing an early presumptive diagnosis, fungal classification by histopathology can be difficult and may lead to diagnostic error. To assess the accuracy of histologic diagnosis of fungal infections vs culture ("gold standard"), we performed a 10-year retrospective review at our institution. Of the 47 of 338 positive mold and yeast cultures with concurrent surgical pathology evaluation without known history of a fungal infection, 37 (79%) were correctly identified based on morphologic features in histologic and/or cytologic specimens. The 10 discrepant diagnoses (21%) included misidentification of septate and nonseptate hyphal organisms and yeast forms. Errors resulted from morphologic mimics, use of inappropriate terminology, and incomplete knowledge in mycology. The accuracy did not correlate with preceding antifungal therapy (P = .14) or use of special stains (P = .34) and was not operator-dependent. Among 8 discrepancies with clinical follow-up available, 2 potential adverse clinical consequences resulted. While histopathologic identification of fungi in tissue sections and cytologic preparations is prone to error, implementation of a standardized reporting format should improve diagnostic accuracy and prevent adverse outcomes.
Histopathologic examination remains one of the major diagnostic tools in mycology because it permits rapid, presumptive identification of fungal infections. Histopathologic and/or cytopathologic examination can also provide insight into the diagnostic significance of some culture isolates. Demonstration of tissue invasion or an inflammatory reaction can help to determine whether an organism represents contamination, colonization, or true infection. 1 Furthermore, histopathologic examination remains the only reliable means to identify certain pathogens, including Pneumocystis jiroveci (formerly Pneumocystis carinii), Loboa loboi, and Rhinosporidium seeberi. 2, 3 Several studies have demonstrated improved fungal detection by histopathologic examination in some circumstances, [4] [5] [6] [7] [8] [9] [10] [11] but few have investigated the diagnostic specificity of histopathologic examination vs microbiological culture, 3, [12] [13] [14] while none, to our knowledge, have included a comprehensive formal evaluation of the diagnostic accuracy of surgical pathology for all fungal infections.
Although histopathology and microbiology are thought to be complementary, in recent years, we have encountered a number of cases with discrepant histologic and culture results at the time of frozen section or at final diagnosis. Because some of these discrepancies could lead to unnecessary pharmacologic exposure and/or delayed treatment, 15 we undertook a retrospective 10-year review of all positive mold and yeast cultures that were associated with concurrent surgical pathology specimens at Stanford University Medical Center (SUMC), Stanford, CA. The rate of misclassification was determined, and a root cause analysis was performed on discordant cases to develop an improved fungal identification process for general surgical pathologists.
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Materials and Methods
A retrospective 10-year review of our laboratory information system database of all positive mold and yeast cultures reported by the Microbiology Division of Stanford Clinical Laboratory, SUMC, was performed for the years September 1997 to September 2007, inclusive. All specimens obtained under the categories of tissue, aspirate, abscess, or biopsy were included in the initial search. Specimens obtained from autopsy cases were excluded. Of the remaining cases, a search for concurrent specimens accessioned into the SUMC Department of Surgical Pathology and verified by date of accession was performed. Of the concomitant cases, those that had any known documented prior fungal diagnosis (by culture or by histologic examination) and those with a reported clinical history of a specific fungal infection were excluded to prevent any potential bias in the pathologist's diagnosis. However, cases that had prior presumptive fungal therapy were included in the analysis. For each case, patient sex and age, history of antifungal therapy, specimen type, diagnosis, the use of special histologic stains, any reported suggestion to correlate with or defer to microbiology, and the individual surgical pathologist were recorded. Any discrepancies between surgical pathology interpretation (frozen section or diagnosis lines, including the comment section) and microbiology culture results (established as the "gold standard" for this study) based on standard morphologic and biochemical criteria, 16 respectively, were noted. Slides from all discrepant cases were reviewed by 3 of us (A.R.S., T.A.L., and N.B.), and likely causes of misidentification were identified. For statistical analysis, we used the Fisher 2-tailed exact test, with significance set at a P value of less than .05.
Results
We evaluated 338 positive mold and/or yeast culture reports, of which 68 (20.1%) had a concurrent surgical pathology specimen ❚Figure 1❚. Of the 68 cases, 17 (25%) were excluded because of a known history of fungal infection by previous culture isolation or histologic diagnosis. An additional 4 cases (6%) were excluded because of a reported history of a particular fungal infection. Of the 47 remaining cases (none of which included mixed fungal infections), 37 (79%) were correctly identified by histopathologic examination; these included 5 fungal categories: Aspergillus spp (n = 23), Coccidioides immitis (n = 8), Scedosporium apiospermum (n = 2), Trichophyton spp (n = 2), and Zygomycetes (n = 2). Of these 37 cases, genus and/or species identification was attempted in 35 (95%). The remaining 2 cases were reported as "fungal elements identified" with a differential diagnosis that included the organism identified by culture. The distribution of correctly vs incorrectly identified fungi by patient age, sex, use of special stains, previous fungal therapy, and other parameters is provided in ❚Table 1❚.
The 10 discrepant diagnoses (21%) included misidentification of Rhizopus (n = 3), Aspergillus spp (n = 2), S apiospermum (n = 2), Fusarium (n = 1), C immitis (n = 1), and Histoplasma capsulatum (n = 1) ❚Table 2❚. Classification was attempted in all 10 misdiagnosed cases. Of the 10 discrepancies, 8 involved errors in division identification ("major errors") and uniformly involved discordance between culture diagnosis and the diagnosis line or comment section of the final report. Of the 10 discrepant cases, 2 involved errors in genus identification ("minor errors"); both involved misidentification of Rhizopus on intraoperative frozen section diagnosis. Special stains (Gomori-methenamine silver or periodic acid-Schiff with diastase) were used in 86% (32/37) of the correctly identified subgroup and in 70% (7/10) of the incorrectly identified subgroup (P = .34), but neither subgroup incorporated immunohistochemical studies or molecularbased techniques. 1, [17] [18] [19] [20] For accurate fungal identification by subgroup, 13 surgical pathologists were involved in the 37 cases in the correctly identified subgroup, and 9 surgical pathologists were involved in the 10 cases in the incorrectly identified subgroup, indicating that errors were evenly distributed among pathologists (Table 1 ). In addition, no apparent trend was identified when analyzing overall operator accuracy in fungal identification. Reports for both subgroups included a clause to defer and/or correlate with culture in nearly equal percentages of cases (Table 1) .
Follow-up data were available for 8 of 10 incorrectly identified cases ( Figure 1) . Two of these cases demonstrated the potential for adverse clinical consequences as a result of misdiagnoses by histopathologic examination, with the remaining 6 cases showing no change in patient treatment or management (Table 2) .
In case 4, amphotericin was added to the patient's regimen of voriconazole after surgery based on the rendered histologic diagnosis of "suspicious for mucormycosis," but this was immediately discontinued after cultures revealed Aspergillus niger. While no apparent harm occurred to the patient during this brief period as a result of fungal misclassification, it is designated as a negative clinical consequence because of unnecessary exposure to a drug with known severe potential side effects. 21, 22 A similar but somewhat less severe negative repercussion occurred in case 9. In this case, because the patient's lung lesion was a small solitary nodule, active surveillance without treatment was initially intended based on a clinical and radiologic diagnosis of Coccidioides. Because the histologic diagnosis of "compatible with Cryptococcus" was not congruent with the initial microbiological diagnosis of C immitis, the patient had to return to the clinic for further evaluation. Fortunately, the patient was not treated during this time. More important, if the specimen submitted to the microbiology laboratory had been inadequate or not representative of the lesion in question, the patient may have Analysis of the 10 misclassified cases identified a variety of procedural, terminological, and interpretive factors that may have led to errors in identification. For example, a false sense of the ability to categorize fungal organisms by genus on the basis of morphologic features alone in combination with the use of inappropriate terminology contributed to several "minor errors" involved in classification (cases 1 and 2, Table 2 , labeling a Zygomycetes infection specifically as Mucor). A lack of knowledge of other potential molds within a particular category was an additional factor in many of the "major errors" in misclassification (cases 6-8, Table 2 , failure to include hyalinohyphomyces (see the "Discussion" section) in the differential diagnosis of a fungus with septate hyphae). Finally, misinterpretation of morphologic mimics in diagnosing yeast and hyphal forms also contributed to diagnostic error. In addition to these factors, there was a fairly pervasive institutional misperception of the role of morphologic classification of fungal elements in directing patient care.
Misclassification did not seem to be related to patient characteristics, specimen preparation (histologic section vs cytologic preparation; frozen section vs permanent section), work environment (daily schedule vs on call; stat vs routine), or individual surgical pathologist (Table 1) .
Discussion
In this retrospective study, we found that microscopic identification of fungi in histologic or cytologic specimens has an overall accuracy of 79%. Of the 45 cases for which fungal classification was attempted, the accuracy was 78% (35/45). Because the morphologic features of several fungi may overlap in histologic and cytologic specimens, difficulties arise in recognizing characteristic features that are routinely seen in microbiological culture media. This problematic area in fungal identification has been discussed in detail elsewhere 2, 3, 12, 14, 23, 24 and is only briefly mentioned here as a segue to a discussion of the misclassified fungal cases in this study.
In our study, the group of misclassifications with the most significant potential for adverse consequences involved the misinterpretation of septate vs nonseptate hyphae ( (Table 3) and/or surgical intervention, especially during intraoperative consultation. [25] [26] [27] [28] Another well-described yet more frequently overlooked diagnostic problem occurred with the misidentification of the group of nonpigmented, branched, uniform, septate hyphae as Aspergillus spp ❚Image 2❚. 2, 14, 20 Although aspergillosis is a common culprit, it is important to remember that not all such dichotomous hyphae represent Aspergillus spp. Hyalinohyphomyces (ie, Fusarium, Scedosporium, and Penicillium spp) and other hyaline septate molds (dermatophytes) may all share a similar morphologic appearance to Aspergillus spp, yet receive treatment strategies that may include different antifungal agents (Table 3 ). In the absence of fruiting heads, which are usually seen only in cavities or other well-oxygenated areas, aspergillosis should be diagnosed with caution in tissue and cytologic preparations and always with 14 exhaustive examination of pristine stained sections with a 100× oil-immersion objective lens is typically necessary to detect these unique specialized structures, whereas other experts propose the use of scanning or transmission electron microscopy for definitive identification. 2, 12, 23 These specialized sporulation structures are rarely encountered and/or recognized in surgical pathology specimens. As such, when they occur, we cautiously recommend a provisional diagnosis of hyalohyphomycosis with a more extended differential diagnosis and recommendation for culture confirmation.
Misclassification also occurred in the identification of yeast forms (Table 2) . Tangentially sectioned bulbous hyphae with incomplete spherule-like structures may simulate empty Coccidioides spherules ❚Image 3❚. Alternatively, endospores in proximity and/or empty, overlapping spherules can mimic budding yeast, creating confusion with Blastomyces, Paracoccidioides, and Cryptococcus ❚Image 4❚. 2, 12 Free endospores from a ruptured spherule, particularly when they occur within histiocytes, can also imitate intracellular yeast. 2 Because of these common pitfalls, a diagnosis of Coccidioides in tissue or cytologic preparations should be made only in the presence of at least 1 unequivocal, intact spherule that contains endospores. Cryptococcus is recognized by pleomorphic, mucicarminepositive yeast cells surrounded by a distinctive empty space owing to the presence of a thick capsule; the latter organism is also more likely to occur in an immunocompromised host. 2, 12 A B C ❚Image 2❚ (Case 6, 2, 12 Similarly, extracellular Histoplasma spp demonstrate significant overlap with Candida spp. The unique small size and lack of pseudohyphae production of Candida glabrata (vs other species of Candida) can further obscure accurate identification. 16 Clues to differentiation of Candida include the variably sized yeast cells, lack of a pseudocapsule, and better staining with H&E and Gram stain. 2, 16 Furthermore, Candida spp typically generate a suppurative tissue reaction, 16 whereas Histoplasma spp tend to elicit a more granulomatous reaction.
Several studies have demonstrated the usefulness of special stains in the identification and classification of fungal organisms in tissue sections. 2, 18, 23, [31] [32] [33] [34] [35] [36] Although the use of special stains was more prevalent in the correctly identified subgroup, the difference was not statistically significant ( Table   A   D   B C ❚Image 3❚ (Case 5, Table 2 ) A, Vague, circular structures emulating Coccidioides are seen on H&E stain (×60). B and C, Gomori-methenamine silver-stained sections also show "suspicious" empty and incomplete spherule-like structures (B, ×60; arrow) or endospore-like elements (C, ×60), leading to an initial misdiagnosis of Coccidioides. D, Although intraoperative sampling error is a possibility, the additional presence of oblique, darkly rimmed structures suggests all of the forms depicted likely represent tangentially sectioned bulbous hyphal elements of cultured Aspergillus fumigatus (Gomori-methenamine silver, ×60). A definitive diagnosis of Coccidioides should not be made in tissue or cytologic preparations in the absence of unequivocal endosporecontaining spherules.
of previous antifungal therapy altering fungal morphologic features. Moreover, there was no statistically significant difference attributed to previous antifungal therapy and accurate fungal identification between study subgroups (Table 1) . Perhaps one of the more pervasive motivations underlying the errors in morphologic misclassification of fungal elements is the desire to offer a specific diagnosis in a pathology report. This notion is supported by this study showing that than morphologic diagnosis, by histologic or culture examination, correlation with these results (if available) is essential. 37 As demonstrated in Table 1 , accurate fungal identification by histopathologic examination was not operator-dependent, with a stable distribution of diagnostic errors identified among the various surgical pathologists involved. Although fungal therapy is frequently perceived as affecting morphologic characteristics, we found no reproducible evidence Table 2 ) Adjacent or overlapping ovoid yeast-like forms (A and B, ×60) distributed as pairs (C, ×60) and single organisms (D, ×60) mimic budding yeast in this Gomori-methenamine silver-stained fine-needle aspiration biopsy specimen. Although Coccidioides was identified in the cultured specimens, diagnostic endospore-containing spherules were not present in tissue isolates. Misclassification as other yeast forms (eg, Cryptococcus in this case) can readily occur without the inclusion of a comprehensive differential diagnosis.
❚Image 5❚ (Case 10, Table 2 ) Extracellular location of small, ovoid yeast with scattered budding forms (arrows) led to misclassification as Candida spp in Gomori-methenamine silver-stained tissue sections (A, ×60; B, ×100). Despite the unusual extracellular location, Histoplasma capsulatum was identified by culture.
with," "compatible with," and "suggestive of" are intended to connote different levels of diagnostic probability. A lack of standardized grading using these terms increases the potential misunderstanding that can occur in the clinical interpretation of a pathology report.
To provide more standardized reporting for fungal infections in tissue and cytologic preparations and to deemphasize attempts at definitive species identification, we devised a series of templates ❚Table 5❚, ❚Table 6❚, and ❚Table 7❚ for reporting fungal organisms in final surgical pathology reports (Tables 5 and 6 ) and intraoperative reports (Table 7) , with several key points warranting elaboration. In Tables 5 and 6 , fungal classification was attempted in 96% of the cases (45/47). Although it remains true that histopathologic examination can offer rapid, preliminary identification of infectious fungal organisms and is often the only diagnostic platform when material is not submitted for culture, pressure to offer provisional diagnoses (which are often deemed as conclusive) by our surgical and clinical colleagues may extend a surgical pathologist's interpretative skills beyond a point of diagnostic veracity. Surgical literature supporting the usefulness of frozen section analysis in specific fungal identification 38, 39 supplements the misperception by our clinical colleagues of the diagnostic specificity of histologic examination in fungal identification.
From a pathologist's perspective, the diagnosis line often serves a different purpose from that listed in the comment section. For example, a malignant liver biopsy in a patient with a questionable history of colon cancer will frequently prompt "adenocarcinoma, see comment" as the diagnosis line and, within the comment section, how the morphologic findings are suggestive of metastatic adenocarcinoma from a colonic primary site will be discussed with the notation that correlation with the patient's clinical history is required. In this scheme, the diagnosis line is intended to be most definitive and the comment section more tentative and cautious, elaborating potential causes beyond the diagnosis line. Case 4 illustrates this idea: "fungal elements present" was listed in the diagnosis line, and the comment section discussed how the morphologic findings were "suspicious for mucormycosis" (also demonstrated in cases 3, 7, and 10). Clinicians may not always appreciate such a distinction between the diagnosis line and the comment section and, instead, simply scan the report without differentiating the two. This behavior has the potential for erroneous or inappropriate treatment and management ( 
additional organisms in the differential diagnosis are included to call attention to the nonspecificity of the morphologic features identified; these are selected to represent the most frequent and clinically significant fungal infections at our institution. For example, of the many hyalinohyphomyces, only the most common at our institution are included in our template, and modification based on individual institutional prevalence may be necessary. In some infrequent and specific cases, the diagnosis line may provide a more definitive interpretation (eg, if the unique fruiting heads of Aspergillus spp or at least 1 unequivocal, intact, endospore-filled spherule of Coccidioides are seen), but all reports should include a suggestion to correlate findings with culture results and an assessment for invasion, organism viability, tissue necrosis, and estimate of quantity of organisms present. These templates are useful because, by incorporating a 4-tiered general grouping (septate hyphae/nonseptate hyphae and yeast with pseudohyphae/yeast without pseudohyphae) with individually tailored comprehensive differential diagnoses (including a favored morphologic interpretation), they prompt the treating physician to consider other possibilities in the choice of an antifungal regimen rather than fixate on one particular organism. Moreover, the templates encourage surgical pathologists to withhold definitive species identification for the unique aforementioned histologic circumstances or when previous or concurrent culture results are available. Similarly, such a change in the thought process may lead to consultation with an infectious disease specialist who may not only offer more appropriate suggestions in patient management but also, by increased familiarity with atypical or anomalous organisms, be more capable of navigating the list of differential diagnostic entities provided by the template. Finally, the emphasis on correlation with culture results is significant not only to ensure proper identification and tailored pharmacotherapy but also because many organisms (particularly hyphal fungi) demonstrate such a rapid rate of growth that a preliminary (if not final) diagnosis can be offered within a reasonable time frame ❚Table 8❚.
As newer immunohistochemical and/or molecular methods become more readily accessible, they may prove useful in situations in which definitive classification of morphologically identified fungal organisms require longer incubation or simply do not grow, and findings could eventually be incorporated into the standardized report. It should be noted that because reporting formats may be institutionally specific, these templates are only a recommendation for improved standardization; contents could also be incorporated into the written comment section. It should also be mentioned that while for this study we established microbiological culture as the gold standard, we acknowledge that often a true gold standard necessitates clinical appraisal of an organism as a contaminant, colonizer, or true infectious agent. 
